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Introduction
The stark polarization of public and private policies on genetically modified organisms (GMOs) represents one of the main issues of modern international agri-food supply chain. GMO standards differ strongly across countries and regions, resulting in a market fragmentation that currently challenges the international trading regime (Isaac et al. 2004 ).
Several authors have pointed out that the stringency of the GMO regulations of big agri-food importers, like the European Union (EU) and Japan, in contraposition with the 'soft' regulations of GMO producers, like the US and Argentina, could represent a serious problem for the developing country' strategy concerning GMO production and regulations (see, e.g., Tothova and Oehmke, 2004; Anderson and Jackson, 2004) .
Indeed, while the potential gains from GMO adoption by several Asian and African countries appear particularly high (see Huang et al. 2004; Anderson, 2005; Smale et al., 2009; Gruére et al. 2009 ), developing countries are struggling because of the trade-off between the expected production and agronomic benefit from GM crops, and the potential loss of access to rich markets with strong consumer opposition to GMOs.
The purpose of this paper is to investigate the trade effect of GMO standards across a large sample of developing and developed countries. To deal with, the paper develops a composite index of the stringency of GMO regulations for a sample of about sixty countries, to study how similarity / dissimilarity in GMO regulations affects bilateral trade flows.
The paper adds to the existing literature in three main directions. First, we study the trade effect of GMO regulations using an 'objective' multidimensional index of GMO standard and its sub-components, to shed light on which regulatory dimensions matter the most for trade flow. Thus, we depart from the standard approach of using simple dummy variable to capture the trade effect of GMO regulation as, for example, in Disdier and Fontagnè (2008) .
1 Second, we focus on 'harmonization' issues instead of 3 the more traditional concern about standards as a barrier to trade. This is done by using in the empirical analysis a bilateral measure of GMO standards, with the aim of capturing the level of 'harmonization' in GMO regulations. Thus, our research does not directly address the trade reduction effect induced by the stringency in GMO regulations. Indeed, we try to answer a slightly different question: how much does similarity, or dissimilarity, in GMO regulations between exporting and importing countries affect bilateral trade in GMO related products? This question appears more relevant to understand the actual pattern of a (developing) country's strategy to GMO regulations.
The final contribution of the analysis is the tentative to account for the potential bias induced by the endogeneity of GMO standards to trade flow, an issue rarely covered by existing empirical studies. 2 Indeed, both political economy motives and genuine economic reasons -namely the idea that countries set-up GMO regulations by tradingoff internal benefits with external (trade) costs -call for the endogenous nature of GMO regulations to bilateral trade flows.
The paper is related to several studies on the trade-related aspects of the introduction of GMO and the costs induced by its regulations. 3 Within this literature, particularly relevant for our analysis are studies by Cadot et al (2001) , Parcell and Kalaitzandonakes (2004) , Disdier and Fontagné (2008) , Tothova and Oehmke (2004) , Veyssiere (2007) ,
and Gruére et al. (2009) . Cadot et al (2001) discuss the 'regulatory protectionism' aspect of EU GMO regulations, reporting preliminary evidence indicating that there were no repercussions to the US export of corn seeds. However, they did find a negative effect with regard to other forms of corn, suggesting that downstream traders' and food retailers' private decisions not to purchase GM products were more important than the cultivation bans.
4
Using a different approach, Parcell and Kalaitzandonakes (2004) did not find any effect on future prices after major food companies announced a voluntary ban on GMO crops.
More recently, Disdier and Fontagné (2008) used a gravity equation to estimate the reduction of exports from complainants to the EU de facto moratorium on GMOs for potentially affected products. In general terms, and contrary to the findings of Cadot et al (2001) and Parcell and Kalaitzandonakes (2004) , they show that the EU moratorium, as well as other European GMO regulations, have negative trade effects on exporting country.
Particularly relevant to our analysis are studies of Tothova and Oehmke (2004) , Veyssiere (2007) and Gruére et al. (2009) . The first paper developed a Krugman-style trade model to study the endogenous choice of different countries to set GMO standards, and the consequent endogenous formation of 'clubs' of countries that acts as a sub-global preferential trading agreement. Their model suggests the formation of two trading blocs, one in favor, the other against GMOs. In between these two blocs there emerges a third group of developing countries potential losers, that face a tension coming from lower production costs (through the adoption of GM crops) and the maintenance of an export market of conventional varieties, such maintenance being achieved by restricting GMO production. A similar question is analyzed by Veyssiere (2007) , who studied the dilemma facing large exporting countries of agricultural products; such countries have to determine whether or not to approve GM products with or without a labeling regime. An interesting result from their model is that GM product approval is optimal under a labeling regime, whereas non-approval is optimal in the absence of mandatory labeling requirements.
Finally, Gruére et al. (2009) adopt a political economy approach to evaluate the importance of socio-economic factors in the selection of GM labeling regulation. They show, theoretically and empirically, that interests related to production and trade has an important role on GM labeling regulation choices. In particular, in developing countries regional influences and trade factors may be more important than domestic consumer preferences or anti-GM campaigns. Clearly, all these evidence highlight the importance of treating GM regulations as potentially endogenous to trade flows.
The organization of the paper is as follows: Section (2) explains how we constructed the GMO regulatory index; Section (3) presents the data and specifications of the 5 empirical model; Section (4) gives the results and discusses them; while Section (5) conclude.
An index of GMO regulations
2.1 Sample, data and computational strategy
We build our GMO index for 60 countries for which has been possible to collect information on laws and acts regulating GMO cultivation and commercialization. We collect available information on GMO regulations until June 2008, so that the large fraction of GMO standards considered was in place in the year 2007, or before.
However, it is important to keep in mind that, especially for some developing countries, there could be significant delays in the regulation enforcement, due to both political and technical reasons. Thus, the relative GMO restrictiveness ranking for some developing countries could be slight bias up-ward (see below). An overview of the GMO index ranking and score is given in The next sections justify and discuss in details how each regulatory dimension of the GMO index has been classified (by a score) and considered.
Approval process
The first condition that allows any possible handling of a GMO product is its approved status in a country. In contrast with the majority of conventional commodities, GM foods need specific approval procedures, both for import and cultivation, related to safety issues that are managed in different ways among countries: from a very comprehensive pathway including assessment of effect on mammals to, in several countries, a complete ban.
In contrast with requirements like traceability and labeling, which act similarly to trade standards, import approval for a GM food is a measure directly affecting market access: if a GM event is not approved it is not possible to introduce it in the country.
The requirements for an approval process vary widely across countries. There are two main groups of countries which share similar approaches. One follows the EU regulations, based on the 'precautionary principle', which means that any product produced with, or derived from, transgenic crops is subject to GM regulations and the consumers' 'right to know'. The second group follows the US attitude of 'substantial equivalence', which exempts for essentially equivalent products any specific requirements (Gruére 2006). Between the two groups there are many different approaches to the approval process.
We defined five levels of restrictiveness (from 0 to 4) of approval processes based on the degree of domestic implementation of the regulation. A score of 0 is given when there are no constraints on GMO cultivation and marketing; a score of 1 if there exists a mandatory approval process established at the legislative level, but not yet implemented; a score of 2 when the mandatory approval process follows the principle of 8 substantial equivalence; a score of 3 when a mandatory approval process follows the precautionary principle; finally a score of 4 in situations of GMO free status (prohibition of cultivation and marketing, see Table 1 ).
Most EU members, Japan and fast-growing income countries like China and India are scored in the third condition, which is the most comprehensive. The zero or first conditions include developing or emerging countries, which take what is called a 'wait and see' position with respect to the international polarization led by the EU and US.
Risk assessment
Assessments are based on the biological characteristics of the new organism, and test the safety of food, fodder and the environment. Authorization depends on a positive risk assessment, usually conducted by an independent body that establishes standards for testing and detection. The typology of the testing depends on the country's approach, whether based on substantial equivalent or precautionary principle. In many cases the exporter is the legal subject responsible for the assessment.
On the international scenario biosafety assessment is gaining importance, being the target for international harmonization efforts for setting a common methodology, though still at the discussion stage. Biosafety assessment requires deeper analysis through the adoption of field trials. Indeed, for those countries possessing native plants, testing of potential gene flow from GM crops to their wild (native) relatives is needed.
The scheduling and realization of programs for field trials is expensive and some countries (e.g. developing countries) are not able to deal with these costs.
We identified a scoring classification of requirement levels (range 0-3) for a national risk assessment regulation. The conditions scoring 0 and 3 indicate a lack in the risk assessment framework, but the differences are substantial: a score of 0 (e.g. Ukraine)
means a normative void that does not affect trade or cultivation as there are no standards; score 3, on the contrary, applies to countries declaring themselves 'GMO free', hence totally opposed to the importation (and cultivation) of GMOs and imposing the strongest degree of regulation restrictiveness. Between these two scores, we have 1 if the risk assessment is at a regulation proposal stage, and 2 if risk assessment is compulsory. 
Labeling policies
In 1997, the EU introduced GMO labeling policies with the purpose of guaranteeing 'the consumer's right to know', but labels carry indications other than just the presence of GM ingredients, they also give information on health factors and product diversification (Veyssiere and Giannakas, 2004) . Labeling has also met environmental issues, playing a role in consumption decisions of consumers concerned by environmental factors associated with GM products (Appleton, 2000) . Indeed, a label can act as a warning, indicating potential hazards and thus affecting the demand for GM and non-GM products, particularly reducing the demand for the former (Gruère, 2006) .
Over the past ten years, an increasing number of countries have become involved with labeling requirements, and all have different regulation characteristics (see Gruère and Rao, 2007) . We have identified five categories of labeling characteristics, where thresholds play a fundamental role as a specific standard for trade issues. Compliance with a restrictive threshold implies an increase in production and commercialization costs.
The possibility of labeling is strictly related to segregation, identity preservation (IP) and traceability system, that can be considered alternative methods for differentiation.
Even though IP is currently used to identify crop varieties in some countries (e.g. US and South Africa) permitting exports in countries with a mandatory labeling regime, it could represent a first step for traceabilty and coexistence. Hence, we focus on traceability system as a market mechanism to accommodate differences in labeling requirements. Though labeling and traceability represent two separate categories, several country's policies consider the two related.
A labeling regime is expected to influence trade flows, and, in particular, to affect the trade of the chief suppliers of GM crops (Gruère and Rao, 2007; ).
Costs caused by a labeling regime depend on: the threshold level, the capacity of the public authority to enforce labeling requirements, and the capacity of industry to comply with labeling rules. GM labels have effects on the whole agri-food chain. Actors have to collect and handle information concerning the presence of GM food components until reaching the final consumer, but the transfer of this information adds onerous management costs. Ultimately, labeling indirectly affects trade through the imposition of implementation costs for GM crop exporters.
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Among countries we registered two main attitudes: voluntary and mandatory labeling regimes. Mandatory labeling requirements are divided into further two groups:
label on the finished product (Australia and Japan), and on GM technology as a production process (EU and China). In the former case, the quantification of GM ingredients is required to be labeled, and, usually, the threshold is higher. In the latter case any product derived from GM crops has to be reported. In this case, thresholds decrease in entity and the process based system directly requires the exporters to have a form of identity preservation or a traceability system.
Labeling categories are scored from 0 to 5. We have a 0 score in the absence of labeling requirements; 1 with voluntary regime; 2 in the presence of a mandatory regime with a threshold equal or higher than 5%; 3 with mandatory regime but with a threshold equal or lower than 1%; and, finally, 4 in countries that declare themselves GM free.
Traceability requirements
Traceability is an instrument to create a network able to 'retrace history, use, or location of an entity by means of recorded identification', and that guarantees efficient withdrawal from the food and feed market if any unexpected effects occurs to mammalian health and the environment. In the case of GMO products, the traceability system is based on IP for the diversification between different productions, ensuring to the consumer the origin and the typology of the product. Moreover, producers, processors and retailers of food have to collect, retain and transmit information in each stage of the agri-food chain (Bailey, 2002) .
Countries with a comprehensive traceability regulation must create procedures for the identification of industry chain participants who supply and demand products.
Actors of the food chain must transmit information on the identity of the product and whether it contains GMOs, retain such information for a long period (post-market monitoring), i.e. 5 years, and guarantee its availability for applicants (Wilson et al., 2008) .
At the producer level, farmers have to be certain of the absence of cross-pollination between neighboring crops, and must comply with certified storage and harvesting.
Elevators, processors and retailers must keep information on product identity and transmit this information by lot numbers and test results.
All these requirements induce increasing costs, but also benefit the market niche gains. Cost increase is difficult to establish because traceability is an issue with long term implications, with variable costs depending on crops, e.g. soya and maize provide a great number of byproducts in different agri-food industries. Moreover, liability and compensation schemes are crucial. The main costs are referred to certification, record collection and information keeping, and are carried by GMO producers and suppliers countries, with a potentially higher final market price, for both GMO and GMO-free products.
For the traceability category we define the following scores: 0 if the regulation does not require a traceability or an IP system; 1 if the traceability requirement is at the proposal stage or if it is implemented an IP system; 2 if traceability is mandatory; and 3 if the country is GM free.
Coexistence guidelines
The purpose of managing coexistence is to guarantee to consumers and farmers the possibility of choosing what to consume or produce among GM, traditional and organic products. This is feasible only if there is the preservation of identity among crops, which must be segregated in space and time. Thus it is not possible to cultivate nearby fields of GM and organic crops, or to manage them in short rotations. Coexistence managing procedures require mechanisms preventing pollen flows (such as distances or pollen barriers between fields of GM, traditional and organic products), refuges areas and dedicated machineries, but also compensation and liability systems. It also requires strong cooperation between farmers in close proximity.
Production costs in a coexistence scenario arise due to isolation costs, monitoring, purity testing, dedicated equipment and/or its cleaning, which can vary at the establish purity levels, taking into account that zero threshold of transgene in GMO-free crops is not feasible in some agricultural systems. Some developing country policy makers assume that coexistence is not feasible or can be done only by facing prohibitive costs.
Because of the difficulties in establishing coexistence strategies, the level of implementation of coexistence policies varies widely across countries, and in several cases requirements are not stated clearly. For this reason we decided to score 0 those countries without any coexistence rule, 1 if coexistence policies are at embryonic stage, 12 2 if partial guidelines were prepared, 3 if exhaustive coexistence guidelines are adopted and 4 if the country is GM free.
Membership in international GMO related agreements
We considered two institutions, the Codex Alimentarius and the Cartagena Protocol on Biosafety, which, among several international agreements, have effects on the trading of biotech products.
The Codex Alimentarius has the purpose of define standards to protect consumer health, and promoting fair relationship in international trade practices. It has successfully reached an agreement on safety assessment procedures for GMOs, but no formal labeling standards were adopted, these remaining a disagreed issue.
The aim of the Cartagena Protocol on Biosafety (BSP), part of the United Nation
Convention on Biodiversity, is to introduce a shared procedure for risk assessment, risk management and trans-boundary movements of Living Modified Organisms (LMOs).
The BSP acts between importers and exporters, introducing an Advanced Informed Agreement (AIA) for the intentional introduction of LMOs into the environment. In particular, it requires a comprehensive risk assessment and risk management framework provided by the exporter before the first introduction of any LMO in the importer territory.
Rules from the BSP are on bundling, transport, packaging and identification during any LMO trans-boundary movement. This comprehensive mechanism for the safe movement of LMOs was offered by the Cartagena Protocol on Biosafety as a primary policy for all those countries without domestic regulations, including liability rules for the illegal flow of LMOs, and calls for a ban of GM crop imports as a precautionary measure. The compliance with the BSP requirements could impose higher production and marketing costs on agricultural goods, both GM and non-GM, because of the institution of domestic structures for annual testing.
If the country does not adhere to either of the two considered international agreements the score is 0, otherwise the score is 1 or 2 when the country subscribes to a one or both agreements, respectively.
It is important to note that, Until the Codex Alimentarius Commission reaches an agreement on labeling, and BSP became active with the necessary testing structures in all member countries, neither of the two international institutions will influence trade 13 flows. However, we decide to consider also this index category on the ground that expected future enforcement could have an effect on actual trade.
GMO standards and international trade

Trade data
To study the effect of GMO standards on trade flow we have considered trade data related to three major potentially affected agricultural products: maize, soybean and rapeseed, both for human consumption and animal feed. We also include cotton products, mainly related to agri-food system. Trade data comes from the Commodity Trade database maintained by the United Nations Statistical Division (UN-COMTRADE). We work at the 6-digit level of the 2002 Harmonized System (HS)
classification. Because it is not possible to distinguish between GMO and non-GMO products, we considered raw, transformed and by products, both for food and for feed Rape, and Cotton. For cotton, we take into account headings related to the agri-food channel, particularly seeds, oils and cake that are exploited as animal fodder or as a part of such feed. 4 In the empirical analysis, we considered both an overall aggregate of the four potentially GMO affected trade, and each of the four groups individually.
The country sample is selected using the following rules. Within the importing country we select all the countries for which it was possible to build the GMO regulatory index. Instead, the selection criteria for exporters is based on trade and production data from FAO source, excluding those countries that, simultaneously, have no export or production of maize, soybean, rapeseed and cotton products, respectively. 
with  j and  i the exporter and importer fixed effects to control for the size terms as well as the unobserved number of varieties (firms) and the price term of the exporter, and for the expenditure and the unobserved price term of the importer, respectively. D ij is the transport costs proxy by distance between i and j,  ij is the ad valorem bilateral tariff, Z ij any other bilateral trade costs different from distance and tariffs and, finally,  ij is an error term. The parameters  1,  2, and  n are the coefficients to be estimated.
We augment this basic trade equation through the introduction of the GMO regulatory index in the vector of other trade costs, Z ij . Due to the cross-sectional nature of our dataset, we work with a GMO index on a bilateral basis. More specifically, we computed two different GMO bilateral indices. Where f im is the ratio between the regulatory dimension score attributed to country i on the highest score assigned to the regulatory dimension m. This allow us to obtain a degree of bilateral regulatory 'closeness' between two countries, ranging between 0 (completely different) and 1 (identical regulation). In other words, this index defines vectors of national rationed score, named f i = ( f i1 ,…, f iM ) with M = 6, which locates country i in the M-dimensional space. Similarity of the regulation can be computed through the proximity of the f-vectors, defined by the cosine of the angle between them. Jaffe (1989) indicate that proximity measures is 0 for countries whose vectors are orthogonal and is 1 for countries whose position vectors are identical.
This GMOw ij have several useful properties for measuring similarity. Indeed, it is conceptually similar to a correlation coefficient, and as such have the property to be completely symmetric. However, given our purpose of studying also which regulatory dimensions matter the most for trade flows, use was made of a second bilateral index called GMO ij . This second index is simply obtained by taking the absolute deviation of our GMO index across country pairs, namely GMO ij = GMO i -GMO j , as such it is also computable for each regulatory dimension taken individually. Thus the GMO ij bilateral index increases in the level of dissimilarity or distance in GMO regulations across country pairs or, put differently, it represents an inverse index of 'harmonization' in GMO regulations. Finally, note that, given the definition of our bilateral indices they should display opposite sign coefficients in the regression results as GMOwij is a similarity index, while GMO ij is a dissimilarity index. Indeed, the correlation coefficient between them is negative and equal to 0.60. Finally, with concern to the estimation method, when equation (1) 
Results
In this section the results of the econometric estimation of equation (1) are reported and discussed. First we focus the attention on results based on the assumption that the GMO index is an exogenous variable. Then with check for robustness of the results by considering the potential endogeneity issues. We follow this strategy for both comparability and practical reasons. Indeed, almost all previous papers have considered 6 The correlation between tariffs and NTBs is an empirical question. To date, broad evidence of a positive correlation for agri-food products can be found in Kee et al (2008) . In our sample, running a fixed effect regression of tariffs on the GMO index, the coefficients of tariffs is positive and strongly significant. 7 As an alternative approach to deal with zero trade flows and heteroskedasticity problems, Santos Silva and Tenreyro (2006) recommended the Poisson Pseudo Maximum-Likelihood (PPML) estimator. However, Martin and Pham (2008) and Raimondi and Olper (2009) have shown that the PPML approach produces biased results when used in the presence of a large fraction of zero trade flow, a situation consistent with recent trade models with firms' heterogeneity (Melitz 2003; Helpman et al. 2008 ) and very frequently working at a disaggregated product level as in our application. 8 The underlying idea is that fixed trade costs, here proxy by the language dummy, especially affect the probability to export. Thus it is included only in the (first stage) selection equation, but not in the level OLS equation (see Martin and Pham, 2008) .
GMO regulations as an exogenous variable. Moreover, it is well know that instrumenting such variable it is a quite difficult task in a gravity environment (more on this below). Table 2 reports the regression results of equation (1) Starting from standard gravity covariates, the distance coefficient is always negative and significant, while the common border and colony dummies are positive and significant. As expected, bilateral tariffs have a negative and significant effect on bilateral trade flows. If we give a structural interpretation to the tariff coefficients, equal to (1 - ) with  > 1 the elasticity of substitution between home and foreign products, then we have an estimate of such elasticity. Its average value, around 3, is broadly in the same order of magnitude of recent estimate reported by Raimondi and Olper (2009) .
Turning to the variable of interests, column (1) to that of France-Poland (= 0.92). Thus the effect it is not only statistically significant but appears also relevant from an economic point of view.
Column (2) reports results using our alternative GMO ij index based on the absolute regulatory difference. The results are very similar, the only difference being the negative sign of the estimated coefficient as now we are measuring dissimilarity in GMO regulations. Columns from (3) to (9) investigate which GMO regulatory subcomponents matter the most. In line with the results of column (2), all GMO components exert a negative effect on bilateral trade flow, and most of them are statistically significant at 5% level, with the exception of international agreements that is only barely significant, and the risk component that is not significant. However, as the different regulatory components tend to be positive correlated with each other, to better disentangle their differentiated effect, in Column (9) we run a specification that consider them simultaneously. Not surprising, their estimated coefficient decrease some what in absolute magnitude. Interesting, the (theoretically) most important dimensions, namely labeling, the approval process, and traceability, remain strongly significant at 1% level.
Because each component is normalized to vary from 0 to 1, the results suggest also that differences in Labeling policies are the GMO regulatory dimension most detrimental to trade, followed by the approval process and traceability requirements. This finding is in line with the notion that GMO labeling' provisions is a complex field of across countries conflict in terms of trade policies (Carrau, 2009 ). Thus as long as an agreements will not internationally shared, for example through the Codex Alimentarius, labeling is going to remain one of the major regulatory components that have effects, either directly (e.g. food marketing) or indirectly influencing consumers choice and information. Table 3 investigates the sensitivity of different product groups to the GMOw ij regulatory index, by running regressions for each group separately. Column (1) replicates the pooled regression results from Table 2 (column (1)), for comparison purposes. The estimated coefficients on the GMOw ij is positive for all the product groups considered but statistically significant only for corn and soybean, suggesting that these agricultural commodities are the more affected by GMO regulations. Differently, we do not detect significant effect for either rape or cotton trade flows. While for cotton the results make sense as it is only partially involved in the agri-food chain, more surprising are the results for rape, as there is evidence that segregating non-GMO from GMO rapeseed is much more complicated than segregating non-GMO corn or soybean.
However, note that when use is made of GMO ij index instead of GMOw ij , also the coefficient for rape turn out to be significant (results not shown).
Is GMO regulations endogenous to trade flows?
There are different potential sources of endogeneity bias in our model. However, here we are expecially concerned with endogeneity due to potential simultaneity bias between GMO regulations and bilateral trade flow. In fact, a large political economy literature on trade policy suggests that not only does trade policy affect imports, but also that trade policy itself is affected by the level of imports (see Trefler, 1993; Grossman and Helpman, 1994) . In such a case, if import and protection are not modeled as being simultaneously determined, then the estimated impact of protection on imports will be biased downward.
The applicability of this reasoning to our specific context is not so clear, however, as standards regulation in general, and GM regulations in particular, prima facie, are not trade policy. However, in our specific context we have important reasons to suspect that GMO regulations could be affected by trade flow. Indeed, as discussed in the introduction, previous evidence and conceptual model stresses that in recent years many developing countries have set GMO standards taking care of the trade-off between agronomic advantage and market access loss in countries with GMO consumer concerns (see Tothova and Oehmke, 2004; Veyssiere, 2007; Gruére et al., 2009 ).
Generally speaking, it is difficult to address this simultaneity bias because of the lack of good instruments, as almost all the potential determinants of GMO regulations exert also an effect on bilateral trade flows, thus they tend to be weak instruments (see Baier and Bergstrand, 2007) . Previous tentative to deal with this kind of endogeneity in gravity models have followed the idea of Lee and Swagel (1997) , using industrial conditions as instruments for trade policy (see, e.g., Olper and Raimondi, 2008) .
However, working at the HS 6-digit level it is impossible to adopt this strategy due to data constraints. An alternative strategy followed in this paper is that propose by Djankov et al (2010) , who deal with the potential endogeneity of trade times in gravity model by using the trade times of neighboring countries. The intuition is that while trade flows may affect domestic trade times, they are less likely to affect transit times abroad. Following a similar logic we instrument the GMO index by using the weighted average GMO index of the five closest neighbors, using the distance between capital as a weight.
The results of this exercise are reported in Table 4 . Columns (1) and (2) report a benchmark OLS and a standard IV regression, respectively. We start from these regressions because, as it is well know (see Wooldridge 2002; Persson and Tabellini, 2003) , instrumental variable is also an approach to dealing with selection bias problems.
Interestingly, on passing from OLS to IV regression, the coefficient of the GMOw ij 20 increases by a factor five (from 1.65 to 9.61), and moreover remain strongly significant.
This result gives some credence to the idea that endogeneity matters for the final results.
Columns 3 and 4 give a substantial confirmation to this hypothesis. Indeed, by running a IV second stage Heckman regression, the coefficient of the GMOw ij index increases by about four times and, as expected, it is now virtually the same as that obtained without using the Heckman selection correction.
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Keeping in mind the usual caveats about instruments, these results appear interesting, first because they support the idea that GMO regulations is endogenous to trade flows, and secondly because they suggest that selection bias concerns seem dominated by simultaneity issues. Indeed, based on our estimate, the downward bias due to simultaneity issues is several times more relevant than that due to selection bias.
To see this, it is sufficient to compare the GMO index coefficients in Table 4 . Indeed, sample selection induced a downward bias in the GMO index of about 17% = ((1.93-1.65)/1.65)*100. Differently simultaneity bias induces a downward estimation of the GMO coefficient of about 334% = ((8.38-1.93)/1.93)*100.
Conclusion
Motivated by the complex pattern and evolution of GMO regulations in the last decade, this paper deals with the quantification of GMO regulations on bilateral trade flows. A composite index of the 'complexity' of such regulations for sixty countries, as well as an 'objective' score for six GMO regulatory sub-dimensions, has been developed. Using a gravity model, we have shown how bilateral similarity / dissimilarity in GMO regulations, affects trade flows for the composite index and its components. The empirical evidence highlights three main results.
First, countries with strong differences in GMO regulations trade significantly less, suggesting that what matters for trade flows are not only the stringency of the standards, but the level of harmonization between countries. Second, the regulatory dimension that matters the most is that related to the labeling system, followed by the approval process and traceability requirements. Not surprisingly, other GM regulatory dimensions like Table 1 . Categories, conditions and relative score of the GMO regulatory index
Approval process Score
Proposal to draft for approval or lack of rules or ambiguous situations that do not put constraints on the cultivation and marketing 0 Mandatory approval process, established at legislative level but still far from implementation 1
Mandatory approval process in accordance with the principle of substantial equivalence 2 Mandatory approval process under the precautionary principle including products derived from GM crops 3 Countries declared GM free, prohibiting cultivation and marketing 4
Risk assessment Score
There is no implementation of risk analysis 0 The necessity of a risk assessment is at proposal stage 1 Mandatory risk assessment 2 Countries declared GM free 3
Labelling policies Score
It is not required a label or is just at proposal stage 0 Voluntary GMO labelling 1 Mandatory GMO label without threshold or with threshold >= 5% 2 Mandatory GMO label with threshold <= 1% 3 Countries declared GM free 4
Traceability requirements Score
It is not required a GMO traceability process or an IP system 0 GMO traceability process is at proposal stage, or is in place an IP system 1 Mandatory GMO traceability 2 Countries declared GM free 3
Coexistence guidelines Score
No coexistence rules have been introduced 0 GMO coexistence policies at embryonic stage 1 Partial guidelines on GMO and non-GMO coexistence 2 Exhaustive guidelines on GMO coexistence 3 Countries declared GM free 4
Membership in international agreements Score
No adherence to international agreements 0 Adherence to a single international agreement 1 Adherence to both international agreements 2
Note: see text. 
------------------------------------------------------GMO ij ----------------------------------------------
Notes: figures refer to the II stage of the Heckman regression. In parentheses robust standard error. ***, ** and * indicate significance level at the 1%, 5% and 10%, respectively. Each regression include country fixed effects for importer and exporter, and HS 2-digit products. Notes: In IV regressions the GMOw ij index is instrumented with the weighted average index of the five more close neighbors. In parentheses robust standard error. ***, ** and * indicate significance level at the 1%, 5% and 10%, respectively. Each regression include country fixed effects for importer and exporter, and HS 2-digit products. 
